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(54) Preparation of fluorinated polymers 

(57) Disclosed is a method for preparing fluorinated 
emulsion polymers that reduces or eliminates the need 
for fluorinated surfactants comprising the steps of: 

a) providing a reaction mixture comprising water, 
surfactant, monomer mixture comprising at least 



one fluorinated monomer, al least one non-fluori- 
nated monomer having high water solubility, and 
optionally at least one non-fluorinated monomer 
having low water solubility, macromolecular organic 
compound having a hydrophobic cavity; and 

b) polymerizing said monomer mixture. 
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Description 

The present invention relates to the preparation of fluorinated polymers. In oarticular. the present invention relates 
to an improved preparation ol fluorinated emulsion polymers. 
5 Fluorinated polymers have many desirable properties such as superior weather resistance, high temperature re- 

sistance, water and oil repellency. low surlace tension, chemical inertness, and low flammability These properties have 
resulted in the use of fluorinated polymers as coating materials for textiles and various substrates in many industrial 
areas. 

It is well known that is is very difficult to prepare emulsion polymers from perfluorinated monomers, particularly 
TO those containing long perfluorinated alkyi chains, such as fluoroalkyi groups having 4 to 20 carbon atoms, because 
these monomers are inherently water insoluble and have poor solubility in most organic hydrocarbon solvents and 
monomers. The insolubility' of perfluorinated monomers limits their ability to be transported from monomer droplets to 
polymerizing particles. As a result, particle size distribution is broad, composition of a copolymer may not be uniform 
and high levels of gel form during the polymerization. Such gel formation is undesirable. 

Various methods of polymerizing fluorinated monomers are known, such as by using an organic solvent having 
high solubility in both water and in the perfluorinated monomers. Such solvents aid the transport of monomer from the 
monomer droplets to the polymerizing panicles. Other methods use relatively high levels of fluorinated surfactants to 
avoid gels or a combination of fluorinated surfactant and a compatibilizer containing a perfluorinated segment and a 
hydrocarbon segment. All of these methods have the disadvantage of introducing "foreign" components to the polymer 
20 latex. Solvents contribute to volatile organic compound ("VOC") content, and perfluorinated surfactants dilute the pol- 
ymer content and end up in the polymer film where they can migrate and thereby alter the surface composition and 
properties of the film. Also, the use of large amounts of fluorinated surfactants adds to the cost of the polymer latex. 
However, reducing the amount of fluorinated surfactants leads to increased gel formation, which is undesirable. 

US 5.521.266 (Lau) discloses the emulsion polymerization of hydrophobic hydrocarbon monomers using cyclo- 
2S dextrin. The presence of cyclodextrin facilitates the transport of hydrophobic long alkyI chain monomers through the 
aqueous phase so that they can be homo- or copolymerized in a conventional emulsion polymerization process. There 
is no disclosure of the applicability of this method of emulsion polymerization to perfluorinated monomers. 

The incompatability of fluorocarbons with hydrocarbons or water is well known, as evidenced by the use of fluor- 
ocarbon coatings for non-stick cooking surfaces The cavity of cyclodextrin is a sugar ring having hydroxylated hydro- 
30 carbons. That cyclodextrins can be used to transport fluorinated monomers through the aqueous phase in emulsion 
polymerizations is unexpected and was not recognized in US 5,521.256. 

The present invention seeks to overcome the problems associated with known methods for preparing fluorinated 
emulsion polymers. 

The present invention provides a method for preparing a fluorinated emulsion polymer comprising, as polymerized 
35 units, at least one fluorinated monomer and at least one non-fluorinated monomer having high water solubility, com- 
prising the steps of: 

a) providing a reaction mixture comprising 

^0 i) water, 

ii) surfactant, 

iii) monomer mixture comprising from 1 to 99 percent by weight of at least one fluorinated monomer, from 1 
-^5 to 10 percent by weight of at least one non-fluorinated monomer having high water solubility, and from 0 to 

98 percent by weight of at least one non-fluorinated monomer having low water solubility 

iv) macromolecular organic compound having a hydrophobic cavity; and 
50 b) polymerizing said monomer mixture. 

The present invention further provides a composition comprising a macromolecular organic compound and a fluor- 
inated emulsion polymer comprising, as polymerized units, from 1 to 99 percent by weight of at least one fluorinated 
monomer, from 1 to 10 percent by weight of at least one non-fluorinated monomer having high water solubility, and 
55 from 0 to 98 percent by weight of at least one non-fluorinated monomer having low water solubility. 

The present invention further provides an article comprising a coated substrate wherein the coating comprises the 
composition above. 

The present invention provides a method for preparing fluorinated emulsion polymers that reduces or eliminates 
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the need for a fluonnated surfactant. The present invention also provides a method for preparing fluorinated emulsion 
polymers that has reduced gel formation. 

As used herein, the term "having low water solubility" means having water solubility at a temperature in the range 
of from 25 to 50* C of no greater than 200 miliimoles/liter. The term "having high water solubility" means having water 

s solubility at a temperature m the range of from 25 to 50" C of greater than 200 millimoies/liier. As used herein, the term 
"{meth)acrylate" refers to methacrylate and acrylate, the term "(methjacrylic" refers to methacrylic and acryiic. and the 
term "(meth)acrylamide" refers to methacrylamide and acrylamide. The term "fluoroalkyi' means a partially fluorinated 
or perfluorinated (Ci-C2o)alkyl. "Alkyt" means linear or branched alkyt. All amounts are percent by weight unless oth- 
eoA/ise noted, and ail weight percent ranges are inclusive As used herein, the following abbreviations are applied: "g" 

10 = grams: "AATCC" = American Association of Textile Chemists and Colorisls: "8A" = butyl acrylate: "MMA" = methyl 
methacrylate: "MAA' - methacrylic acid: "2-EHA" = 2-eihylhexyl acr/tate: and "STY" = styrene. 

Suitable fluorinated monomers include, but are not limited to: fluoroalkyi (methjacrylate: fluoroaikylsulfoamtdoethyl 
(meth)acrytate: fluoroalkylamidoelhyt (meth)acryiate; fluoroalkyi (meth)acrylamide: fluoroalkylpropyl (melh)acrytate: 
fluoroalkylethyl poly(alkyleneoxide) (meth)acrylate: fluoroalkylsulfoethyl {meth)acrytate: fluoroalkylethyl vinyl ether: 

T5 fluoroalkylethyl poly(elhyieneoxide) vinyl ether: pentaftuoro styrene; fluoroalkyi styrene: fluonnated a-olefins; perfluor- 
obutadiene: l-fluoroalkylperfluorobutadiene; aH.aH.coH.coH-perfluoroalkanediol di(meth)acrylate: and [5-substituted 
fluoroalkyi (meth)acrylaie. Preferred fluorinated monomers have a fluoroalkyi group having lorm 4 to 20 carbon atoms. 
Particularly preferred is fluoro{Cs-C2o)alkyl (meth)acry!ate. Especially preferred fluorinated monomers are perfluorooc- 
lyiethyl methacrylate and perftuoroociylethyl acrylate. 

20 Suitable non-fluorinaied monomers having low water solubility include, but are not limited to: a.p-ethylentcally 

unsaturated monomers such as primary aikenes. styrene and alkylsubstituted styrene. u-methyl styrene. vinyltoluene, 
vinyl esters of (C;i-C3o)carboxyiic acids, such as vinyl 2-ethyihexanoate and vinyl neodecanoate; vinyl chloride; vinyli- 
dene chloride; N-alkyI substituted {meth)acrylamide, such as octyl acrylamide and maleic acid amide; vinyl alkyi or aryl 
ethers with {C3-C3o)alkyl groups, such as stearyl vinyl ether; (C^-C3o)alkyl esters of (meth)acrylic acid, such as methyl 

25 mcthacr/late. ethyt {meth)acrylate. butyl {mGth)acrylate, 2-ethylhexyl (meth)acr/late, benzyl (meth)acr/latc. lauryl 
(meth)acrylate, oleyl (meth)acrylate. palmityl (meth)acrylate. stearyl (meth)acrylate; unsaturated vinyl esters of (meth) 
acrylic acid, such as those derived from fatty acids and (any alcohols; multifunctional monomers, such as pentaerythritol 
triacrylate; and monomers derived from cholesterol. These monomers may also contain functionality, such as^ but not 
limited to hydroxy amido, aldehyde, ureido. and polyether 

30 Suitable non-fluorinated monomers having high water solubility include, but are not limited to: ot,p-monoethyleni- 

cally unsaturated monomers containing acid functionality such as monomers containing at least one carboxylic acid 
group including acrylic acid, methacrylic acid, (meth)acryloxypropionic acid, itaconic acid, maleic acid, maleic anhy- 
dride, fumaric acid, crotonic acid, monoalkyi maleates, monoalkyi fumerates and monoalkyi itaconates; acid substituted 
(meth)acrylates, sulfoethyl methacrylate and phosphoethyl (meth)acrylate; acid substituted (meth )acrylam ides, such 

35 as 2-acrylamido-2-methylpropylsulfonic acid and alkali metal and ammonium salts of such acid functional and acid- 
substituted monomers; basic substituted (meth)acrylales and (meth)acrylamides, such as amine substituted methacr- 
ylates including dimethytaminoethyl methacrylate. tertiary -butylaminoethy! methacrylate and dimethylaminoptopyl 
methacrylamide; acrylonitrile; (meth)acrylamide and substituted (melh)acrylamide, such as diacetone acrylamide; 
(meth)acrolein; and methyl acrylate. 

^0 Suitable surfactants for use in the method of the present invention include all anionic, cationic and nonionic sur- 

factants that can be used in emulsion polymerization. Such surfactants include non-fluorinated and fluorinated sur- 
factants. Mixtures of surfactants may be used, including mixtures of non-fluorinated and fluorinated surfactants. Pre- 
ferred surfactants are non-fluorinated anionic surlactant. non-fluorinated nonionic surfactant, fluorinated anionic sur- 
factant, fluorinated nonionic surfactant, and mixtures thereof. It is further preferred that at least one fluorinated sur- 

-is factant be used in the method of the preseni invention. Panicularly preferred are mixtures of non-fluorinated anionic 
surfactants with fluorinated surfactants. Suitable non-fluorinated nonionic surfactants include, but are not limited to: 
ethoxylated ociylphenols; eihoxylated nonylphenols; and ethoxylaied fany alcohols. Suitable non-fluorinated anionic 
surfactants include, but are not limited to: sodium lauryl sulfate; sodium dodecyibenzene sulfonate; sulfated and ethox- 
ylated derivatives of nonylphenols, octylphenols. and fatty alcohols; and esterified sulfosuccinates. Preferred non- 

50 fluorinated anionic surfactants are sodium lauryl sulfate, salts of fatty acids and sulfated nonylphenoxypoly(ethyiene- 
oxide)ethanot ammonium salt. Suitable non-fluorinated cationic surtactants include, but are not limited to: laurylpyrid- 
inium chlorides; cetyldimethyl amine acetate; and (C8-C-13) alkyldimethylbenzyl-ammonium chlorides. 

Suitable fluorinated surfactants include, but are not limited to; fluoro(Cg-C2o)alkylcarboxylic acid salt; fluoro(C4- 
Cjolalkylsulfonic acid salt; fluoro{C--C2o)al*<y'benzene sulfonic acid salt; fluoro{C4-C2o)alkylpoly(elhyleneoxide)etha- 

55 nol; 3-fluoro{C,-Cg)aikylethoxy-propionic acid salt: 3-fluoro(Ci-Cg)alkylethylthio-propionic acid salt; 3-fluoro(C,-C5) 
alkylethylamtno-propionic acid salt; fluorolCj-CjolalkyI tri(Ci-C5)alkylammonium salt; fluorotCj-Cjojalkylpoly (fluoro- 
alkyleneoxide)sutfonic acid salt; fiuoro(C4-C2o)alkylamido-alkyIene lri(C,-C6)atkylammonium salt; fluoro(C4-C2o)alkyl- 
sulfoamidoalkylene tri(C|-Ce)alkylammonium salt; and 3-fluoro(C4-C2o)alkylsulfoamidoethyiamino-propionic acid salt. 



3 




EP 0 890 592 A2 

The counterions of the fluorinated anionic surfactants may be nnono-. di-, or tri-valent metal cations. Nonionic and 
anionic fluorinated surfactants are preferred. More preferred fluorinated surtactanis are perfluoroalkylethyl poly(ethyl- 
eneoxidejeihanol and 3-{perfluoroalkyiethylthio) propionic acid lithium salt. 

The total amount of surfactant may be from 0.1 to 10. and is preferably from 0.5 to 5 percent by weight, based on 
s the total weight of monomer in the monomer emulsion It is preferred that the total amount of fluorinated surfactant be 
from 0.01 to 5. preferably from 0.1 to 2 percent by weight based on the total weight of monomer in the monomer 
emulsion. 

When the method of the present invention is used to prepare fluorinated emulsion polymers having a high per- 
centage, such as 90 percent by weight or greater, of fluorinated monomer it is preferred thai only fluorinated surfactant 

'0 be used. When the method of the present invention is used to prepare fluorinated emulsion polymers having less than 
about 90 percent by weight of fluorinated monomer it is preferred that fluorinated surfactant be used in combination 
with non-fiuorinated suriaciani. It is further preferred that the non-fluorinated surfactant is anionic. When both fluorinated 
and non-fluorinated surfactants are used, it is preferred that the weight ratio of fluorinated to non-fluorinated surfactant 
is in the range of from 80:20 to 20:80. 

15 The macromoiecutar organic compounds having a hydrophobic cavity useful m this invention are known, and are 

descnbed, for example, tn US 5,521.266. Suitable macromoiecutar organic compounds include, but are not limited to: 
cyclodextnn and cyclodextrtn derivatives; cyclic oligosaccharides having a hydrophobic cavity, such as cycloinulohex- 
ose, cycloinulohepiose, and cycloinuloctose; calyxarenes; and caviiands. The cyclodextrin and cyclodextrin derivatives 
useful in the method of the invention are limited only by their solubility under the particular polymerization conditions. 

20 Suitable cyclodextrins useful in this invention include, but are not limited to: a-cyclodextrin; p-cyclodextrin; and y-cy- 
clodextnn. Suitable cyclodextrin derivatives include, but are not limited to: methyl. triacetyL hydroxypropyl, and hydrox- 
yethyl derivatives of a-cyclodextrtn; p-cyclodextnn, and y-cyclodextrin. The preferred macromolecuiar organic com- 
pounds having a hydrophobic cavity are cyclodextrin and cyclodextrin derivatives. The preferred cyclodextrin derivative 
is methyl-p-cyctodextrin. 

25 The water, surfactant, monomer mixture and macromolecuiar compound may be added to the reaction vessel in 

any order The macromolecuiar organic compound having a hydrophobic cavity may be combined with the monomer 
mixture in any way. The macromolecuiar organic compound may be mixed with the fluorinated monomer and that 
mixture, along with the non-fluorinated monomer having high water solubility, surfactant and any optional monomer, 
can be added to the reaction vessel. In the alternative, the macromoiecutar organic compound may be mixed with the 

30 monomer mixture before the mixture is added to the reaction vessel. In another alternative, the macromolecuiar organic 
compound may be added to the reaction vessel before, during or after the monomer mixture has been added to the 
reaction vessel. It is preferred to add the macromolecuiar organic compound to the reaction vessel before the monomer 
mixture has been added. 

Generally, the molar ratio of macromolecuiar organic compound to fluorinated monomer is in the range of from 5: 
35 1 to 1:5000, preferably in the range of from 1:1 to 1:1000. and most preferably from 1:1 to 1:500. It is generally only 
necessary to have molar ratios in the catalytic range, such as from 1 :1 to 1:500. 

The selection of the type and amounts of cross-linking agents, the control of pH, the rate of addition of the various 
components, the level of solids, and temperature of reaction for the emulsion polymerization are well known to those 
skilled in the art of emulsion polymerization. 
40 A free radical initiator is used in the emulsion polymerizations. Suitable free radical initiators include, but are not 

limited to: hydrogen peroxide; tert-butyl hydroperoxide; sodium, potassium, lithium and ammonium persulfate. A re- 
ducing agent, such as a bisulfite, including an alkali metal metabisulfite. hydrosulfite, and hyposulfite; and sodium 
formaldehyde sulfoxylate or a reducing sugar, such as ascorbic acid, may be used in combination with the initiator to 
form a redox system. The amount of initiator may be generally from 0.01 to 2 percent by weight based on the total 
weight of monomer When a redox system is used, the amount of reducing agent is generally in the range of from 0.01 
to 2 percent by weight based on the total weight of monomer Transition metal catalysts, such as iron salts, may also 
be used. 

The polymerization temperature range is generally from 10 to 100* C. The temperature range is preferably from 
75 to 90* C in the case of persulfate systems. In the case of redox systems, the temperature range is preferably from 
so 20 to 75* C. 

The compositions of the invention optionally contain fluorinated surfactant. When fluorinated surfactant is present 
in the compositions, it is preferred that the fluorinated surfactant be nonionic or anionic. More preferred fluorinated 
surfactants are perfluoroalkylethyl poly(ethyleneoxide)ethanol and 3-(perfluoroalkylethylthio) propionic acid lithium salt. 

The compositions prepared according to the method of the present invention are useful in high performance coat- 
55 ings, such as coatings for fibers and textiles, tile, brick, cement, concrete and as blend components in any formulation 
in place of wax or silicones. Adding fluorinated emulsion polymers to conventional formulations in place of wax or 
silicones provides increased water repellency to surfaces coated with the formulations. Fluorinated polymers can also 
be used to provide adhesive properties to very hydrophobic surfaces, such as polytetrafluoroethylene. The fluorinated 
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polymers can be applied to the very hydrophobic suriace as an adhesive, as a coating or mixed with a coating to be 
applied. 

EXAMPLES 

5 

Wet gel level was determined by collecting the unfiltered material from both 60 and 325 mesh screens, compressing 
the material to expe! excess water and weighing the compressed material on a scale. 
The following surfactants and monomers were used in the Examples. 

JO Rhodapex® CO-436 Sodium salt ot sulfated polyethoxynonylphenot as a 59% aqueous solution 

SLS Sodium lauryl sulfate, used as a 23% aqueous solution ZonyKg) TM Perfluoroalkyleihyt methacr- 

ylate. CH2=C(CH3)C02CH2CH2{CF2)nCF3. n r 3-19 

'5 Zonyl® TAN Perftucroalkylethyl acrylate. CH2=CHC02CH2CH2(CF2)nCF3, n = 5 - 1 7 

Zonyl(£) FSN Pertluoroalkylethyl poly(ethyleneoxide)ethanol, a non-tonic fluonnated surfactant as a 40% so- 

lution in 50/50 water/isopropanol mixture. 

20 Zonyl® FSA 3-(Perfluoroaikylelhylthio) propionic acid lithium sail, an anionic fluonnated surfactant as a 25% 

solution in 50/50 water/isopropanol mixture 

CD methyt-b-cyclodextrin 

25 Zonyl® IS a trademark of the DuPont Company Rhodapex® is a trademark of Rhone-Poulenc Chimie. 

Example 1 

Monomer emulsion preparation . A monomer mixture of 1 50 g butyl acrylate. 340 g methyl methacrylate. 500 g 
00 Zonyl TM and iO g methacrylic acid and an aqueous mixture of 300 g deionized water, 6.7 g Rhodapex CO-436 and 
10 g Zonyl FSN were heated to 60' C in separate containers. Then the two warm mixtures were combined and ho- 
mogenized to form a stable monomer emulsion. The stable emulsion was used either warm or after it cooled to room 
temperature. 

Polymerization. A 3-ltter round bottom flask was equipped with a condenser, a mechanical stirrer, a thermocouple. 

35 a monomer feed line, an initiator feed line and a nitrogen inlet. To the flask was added 400 g deionized water, 10 g 
Rhodapex CO-436 surfactant and 1 5 g Zonyl FSN surlactant. The contents of the flask were stirred and heated to ST 
C under nitrogen atmosphere. To the flask was added 10 g of a 50. 3% aqueous CD solution followed by a 20 g deionized 
water. To the flask was added 35.5 g of the above described monomer emulsion and a buffer solution of 3.5 g sodium 
carbonate and 20 g deionized water. After 2 minutes stirring, an initiator solution of 2 g ammonium persulfate and 20 

40 g deionized water was added to the flask. An exothermic reaction of about 2" C was usually obsen/ed after the initiator 
solution addition. About 1 0 minutes after the peak temperature of the exothermic reaction, the rest of monomer emulsion 
and a second initiator solution of 1 g ammonium persulfate and 50 g deionized water were gradually added to the flask 
over a period of 50 minutes while the temperature was maintained at Sr C. The contents of the flask were maintained 
at 81° C for an additional 15 minutes after the feeds were completed and then cooled to 50° C. During cooling. 1 g of 

'*s a 0.1% ferrous sulfate solution was added to the flask at 70 °C. After 2 minutes, 0.3 g of 70% t-butyl hydroperoxide 
solution mixed with lO g deionized water and 0.15 g sodium sulfoxylate formaldehyde dissolved in 10 g deionized 
water were added separately. At 50* C. another 0.3 g of 70% t-buiyl hydroperoxide solution mixed with lO g deionized 
water and another 0.15 g sodium sulfoxylate formaldehyde dissolved in 10 g deionized water were added separately 
to the flask. The final emulsion was then neutralized to pH 9 - 9 with dropwise addition of ammonium hydroxide solution. 

50 The neutralized emulsion was then .filtered through 50 and 325 mesh screen. The data for this polymer appear in Table 
1 . below. 

Examples 2 - 6 

^5 The procedures described in Example 1 were followed, except that the amount of fluorinated surfactant and CD 

were varied and a differeni hydrocarbon surfactant was used in Example 5. as indicated in Table l . 
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Comparative Examples C-1 - C-4 

The procedures described in Example 1 were followed, except that CD was not used and the amount oi fluorinated 
surfactant was varied, as indicated in Table i. 

TABLE 1 



Example 


Hydrocarbon surfactant 


%wt 


Zonyl FSN %wi 


CO %wt 


Wet gel (g) 


1 


Rhodapex CO-436 


1 


1 


0.5 


n 


2 


Rhodapex CO-436 


1 


1 




5 


3 


Rhodapex CO-436 


1 


1 




20 


4 


Rhodapex CO-436 


1 


0.5 




10 


5 


SLS 


0.42 


0.5 




12 


6 


Rhodapex CO-436 


1 


0 




26 


C-1 


SLS 


0.42 


0.5 


0 


490 


C-2 


Rhodapex CO-436 


1 


1 


0 


360 


C-3 


Rhodapex CO-436 


1 


1 


0 


250 


C-4 


Rhodapex CO-436 


1 


5 


0 


11 



The above data show that the use of a macromolecular organic compound having a hydrophobic cavity in the 
emulsion polymerization of fluorinated monomers greatly reduces or eliminates the need for fluorinated surfactants, 
and reduces the amount of gel formed during the polymerization. 

25 

Example 7 

Monomer emulsion. A monomer emulsion was prepared by homogenizing a 60" C organic mixture comprising 280 
g 2-ethylhexylacrylate, 410 g slyrene, 300 g Zonyl Tfvl and 10 g methacrylic acid, and a 60' C aqueous mixture com- 

30 prising 300 g deionized water, 10 g Rhodapex CO-43d and 1 5 g Zonyl FSN solution. The stable emulsion was used 
warm or after it cooled to room temperature. 

Polymerization. Using the same setup as described in Example 1 , 400 g deionized water, 15 g Rhodapex CO-436 
surfactant solution and 22.5 g Zonyl FSN surfactant solution were added to the flask. The contents of the flask were 
heated to S5° C under nitrogen atmosphere followed by the addition of 20 g of a 50.3% aqueous CD solution and 20 

35 g deionized water rinse. Then 35.5 g of the above described monomer emulsion and a buffer solution of 3.5 g sodium 
carbonate and 20 g deionized water were added to the flask. After 2 minutes stirring, an initiator solution of 2 g am- 
monium persultate and 20 g deionized water was added to the flask. An exothermic reaction of about 2° C was usually 
observed after the initiator solution addition. About 10 minutes after the peak temperature ot the exothermic reaction, 
the rest of monomer emulsion and a second initiator solution of 1 g ammonium persulfate and 50 g deionized water 

40 were gradually added to the flask over a period of 60 minutes while the temperature was maintained at 81* C. The 
contents of the flask were maintained at 8l* C for an additional 15 minutes after the feeds were completed and then 
cooled to 50° C. During cooling, 1 g of a 0. 1% ferrous sulfate solution was added to the flask at about 70 "C followed 
by 0.3 g of 70% t-butyl hydroperoxide solution mixed with 10 g deionized water and 0.1 5 g sodium sulfoxylaie formal- 
dehyde dissolved in 10 g deionized waler were added separately At 50" C, another 0.3 g of 70% t-butyl hydroperoxide 

45 solution mixed with 10 g deionized water and another 0.1 5 g sodium sulfoxylate formaldehyde dissolved in 10 g deion- 
ized water were added separately to the flask. The final emulsion was then neutralized to pH 8 - 9 with dropwise addition 
of ammonium hydroxide solution. The neutralized emulsion was then filtered through 60 and 325 mesh screen. 

Example 8 

50 

The polymer was prepared using the procedures described in Example 7 except that the surfactant levels were 
reduced. The amounts of surfactant used in the monomer emulsion were 9.33 g Rhodapex CO-436 solution and 6 g 
Zonyl FSN solution. The amounts ol surtactant added to the flask were 14 g Rhodapex CO-436 solution and 9 g Zonyl 
FSN solution, 

55 

Example 9 

The polymer was prepared using the procedures described in Example 3 except that the fluorinated surfactant 
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used was an anionic surfactant. Zonyl FSA. 
Example 9A 

s The polymer was prepared using the procedures described in Example 7 except that no Huorinated surlactant was 

used 

Example 10 

'0 The polymer was prepared using the procedures described in Example i except that the monomer composition 

wds 15C' 9 butyl acrylate. 340 g styrene. 500 g Zonyl TM and 10 g meihacrylic acid. 

Example n 

f.- The polymer was prepared using the procedures described in Example 1 except by a different operator. 

bx^mpic 12 

The polymer was prepared using the procedures descnbed in Example i except that the monomer composition 
vvn^ 1 5C Juiyl acrylate. 340 g methyl methacrylale, 500 g Zonyl TAN and 10 g meihacrylic acid. 



Tr,. oc'w^c' was prepared using the procedures described in Example 1 except that the monomer composition 
, : Djt-, .(cryiatc. 200 g styrene, 700 g Zonyl TM and 10 g methacrylic acid. 



-i.~^Ti.-. r>rni ilsion A monomer emulsion was prepared by homogenizing a SO** C organic mixture comprising 990 
-V ': ^fxl 10 g methacrylic acid, and a 60'' C aqueous mixture comprising 300 g deionized water and 15 g Zonyl 

^Qtymrn/Htion. Using the same setup as described in Example 1 400 g deionized water and 10 g Zonyl FSN 
I... in! solution were added to the flask. The contents of the flask were heated to 55" C, under nitrogen atmosphere 
ic-owcc Dv the addition o( 20 g of a 50.3% aqueous methyl-b-cyclodextrin solution and 20 g deionized water rinse. 

J5 Then 3t 5 q of the above described monomer emulsion and a buffer solution of 3.5 g sodium carbonate and 20 g 
ar-'C/ii/cd waller were added to the flask. After 2 minutes stirring, an initiator solution of 2 g ammonium persulfate and 
rc- u 00 on /cd water was added to the flask. An exothermic reaction of about 2* C was usually observed after, the 
in tuiio* soiuhcn addition. About lO minutes after the peak temperature of the exothermic reaction, the rest of monomer 
emulsion rind H second initiator solution of 1 g ammonium persulfate and 50 g deionized water were gradually added 

-0 iG trio MrtsK over a period of 60 minutes while the temperature was maintained at 81° C. The contents of the flask were 
m-itn:rtincd at 81' C for an additional 15 minutes after the feeds were completed and then cooled to 50" C. During 
ccoitnq 1 g of a 0.1% ferrous sulfate solution was added to the flask at about 70' C followed by 0.3 g of 70% t-butyl 
h^aroocf oxide solution mixed with 10 g deionized water and 0.15 g sodium sulfoxylate formaldehyde dissolved in lO 
q ac>xit/cd water were added separately. At 50** C. another 0.3 g of 70% l-butyl hydroperoxide solution mixed with 10 

-f-- Q 3ciDnt/ca wHtcr and another 0.15 g sodium sulfoxylate formaldehyde dissolved in 10 g deionized water v/ere added 
%c■:^■r^lcty lo mc flask. The final emulsion was then neutralized to pH 8 - 9 with dropwise addition of ammonium hy- 
OfOxoc soijhon The neutralized emulsion was then filtered through 60 and 325 mesh screen. 
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It can be seen from the above cata that a range ol amounts of monomers anc surlactants can be accommodated 
in the present invention. The above data also show that a Huorinated polymer can be prepared in the absence of a 
fluorinated surfactant without introducing organic solvents or compatabilizers into the polymer latex. 

5 Example 15 

Fabric treated with fluorinated emulsion polymers prepared according to the method of the present invention was 
tested for its resistance to wetting by water. The polymer of Example 4 and a commercially available non-fluorinated 
acrylic binder, Rhopiex® ST-954 binder (a trademark of the Rohm and Haas Company) were evaluated for water 

w repellency on nylon fabric using a standard test method. 

Treated nylon samples were prepared as follows. A 10 percent by weight aqueous dispersion of the emulsion 
polymer was prepared. This binder formulation was padded on a Birch Brothers padder at pressure of l .72 x 10^ Pa 
(25 PSI) and a speed of 8.23 nrVminule (27 ft/minute). The sample was dried in an oven at 1 50** C for 4 minutes. The 
amount of binder add-on to the nylon samples was approximately 6 percent by weight. 

^5 The padded samples were evaluated using the AATCC Test Method 22-1980 Water Repellency Spray Test. A 

rating of "0" indicates complete wetting of whole'upper and lower surfaces; a rating of "90" indicates slight random 
wetting of upper surface; and a rating o( "100" indicates no wetting of upper surface. The spray test results are shown 
below. 



Sample 


Spray Test Rating 


Example 4 
Commercial binder 


90 
0 



25 These data indicate that the fluorinated emulsion polymers are useful in repelling water from fabric. 

Example 16 

Tile treated with a coating containing fluorinated emulsion polymers prepared according to the method of the 
30 present invention was tested for water repellency. Six samples, labeled 16-1 to 16-5, and a comparative sample, labeled 
16-C. were prepared according lo the following table. Comparative sample 16-C was prepared from a commercially 
available, non-fluorinated acrylic binder, Acryloid® B-66 binder (a trademark of Rohm and Haas Company). One coat 
of each sample was brushed on Saltiilo (s/exican tile. Each tile was then tested for water penetration, water beading, 
water mark and gloss, and compared with an untreated tile. The results are shown in the following Table. Water pen- 
35 etration was the time, in hours, for water to penetrate the coating. Water beading is rated on a scale of 1 to 1 0. 1 being 
the worst and 10 being the best. Water mark and gloss were determined by visual inspection. 



Sample 


16-1 


1S-2 


15-3 


16-4 


16-5 


15-6 


Untrea ted 


16-C 
















control 




Ammonium perfluoroalkyi 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 






sulfonate (1%). g 


















Silicone defoamer 


2 


2 


2 


2 


2 


2 








drops 


drops 


drops 


drops 


drops 


drops 






Diethyleneglycol 


1.5 


1.1 


1.5 


1.1 


1.5 


1.1 






Ethylether, g 


















Plasticizer. g 


0 


0.2 


0 


0.2 


0 


0.2 






Tribuloxyethyl 


0.3 


0.3 


0.3 


0.3 


0.3 


0.3 






phosphate, g 


















Fluoro Polymer (20%) 


13 


13 


11 


11 


12 


12 


none 


8-66 


Example No. 


















Total weight, g 


20 


20 


20 


20 


20 


20 






Film Data: 


Water penetration, hr. 


> 2 


0.5 


> 2 


> 2 


> 2 


0.5 


0 


<2 


Water beading 


10 


10 


10 


10 


10 


10 


None 


1 
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(continued) 



Sample 


16-1 


16-2 


1S-3 


15-4 


16-5 


16-6 


Untrea ted 


16-C 
















control 




Film Data: 


Waier mark 


None 


None 


None 


None 


None 


None 


Yes 


Yes 


Gloss: 


High 


High 


High 


High 


High 


High 


Very low 


Very low 



From the above data, it can be seen that the coatings containing fuorinated emulsion polymers offer higher gloss, 
greater resistance to water penetration, and enhanced water beading as compared to uncoated tile or ttle coated with 
a non-fiuorinated polymer coating. 



Claims 

1. A method lor preparing a fluorinaied emulsion polymer comprising, as polymerized units, at least one fluorinaied 
monomer and at least one non-fluorinated monomer having high water solubility comprising the steps of: 

n) pfcvidmg a reaction mixture comprising 

I t wrtter 

II OLflactant. 

in , monomer mi)aure comprising from 1 to 99 percent by weight of at least one fluorinated monomer, from 
Mo 10 percent by weight of at least one non-fluorinated monomer having high water solubility, and from 
0 \n 5? percent by weight of at least one non-ftuorinated monomer having low water solubility, 

rvi macromolecuiar organic compound having a hydrophobic cavity; and 

bp polymerizing said monomer mixture. 

2 Tnc method of Claim 1 wherein said fluorinated monomer is selected from the group consisting of fluoroalkyi (meth) 
rtcryinio fluoroalkytsulfoamidoethyl (meth)acrylate; fluoroalkylamidoethyl (methjacrylate; fluoroalkyi {meth)acry- 
Limoc (luoroalkylpropyl (meth)acrylate; fluoroalkylethyl poly(alkyleneoxide) (meth)acrylate; fluoroalkylsulfoethyl 
imcthMcrylate; fluoroalkylethyl vinyl ether; fluoroalkylethyl poly(ethyleneoxide) vinyl ether; pentafluoro styrene; 
I uo'Ortikyi styrene; fluorinated a-oleftns; perfluorobutadiene; 1-fluoroalkylperfluorobutadiene; aH.oH.coH.coH-per- 
I uo-orilkanediol di{meth)acry!ale and p-substituted fluoroalkyi (methjacrylate. 

3 Tnc method of claim 1 wherein said fluorinated monomer is selected from perfluorooctylethyl methacrylate and 
pcrliuorooctylethyl acrylate. 

4 the method of claim 1 wherein said macromolecuiar organic compound is selected from the group consisting of 
cyctoocxinn cyclodextrin derivatives; cycloinubhexose; cycloinutoheptose; cycloinuloctose; calyxarene and cav- 

5. The mclhod ol claim 1 wherein said non-fluorinated monomer having high water solubility is selected from the 
group consisting of a,p-monoethylenically unsaturated monomers containing acid functionality: acid substituted 
(mcth)acrylaies and sulfoethyl methacrylate; acid substituted (meth)acrylamides; basic substituted {meth)acr- 
>liiiCG and (meth)acrylamides; acrylonitrile; (meth)acrylamide and substituted {meth)acrylamide; (meth)acrolein; 
.ind methyl acrylate. 

6. The method of claim 1 wherein said non-fluorinated monomer having low water solubility is selected Irom the group 
consisting of a.p-ethylenically unsaturated monomers; styrene and alkylsubstituted styrene; a-methyl styrene; vi- 
nytioiucne vinyl esters of (C4-C3o)carboxylic acids; vinyl chloride; vinylidene chloride; N-alkyI substituted (meth) 
Hcr^'!;imide vinyl alkyi or aryl ethers with (C3-C3o)alkyl groups' (CTC3Q)alkyl esters of {meth)acrylic acid; unsatu- 
rated vinyl esters of (meth)acryllc acid; multifunctional monomers and monomers derived from cholesterol. 
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7. The method of claim i wherein the molar ratio of macromolecular organic compound to fluorinated monomer is 
from 5:1 to V5000. 

8. The method of claim l wherein the surfactani is selected from the group consisting of non-fluorinated anionic 
surfactant, non-fluorinated nontonic surfactant, fluorinated anionic surfactant, fluorinated nontonic surlactant. and 
mixtures thereof. 

9. A composition comprising a macromolecular organic compound and a fluorinated emulsion polymer comprising, 
as polymerized units, from 1 to 99 percent by weight of at least one fluorinated monomer, from 1 to 10 percent by 
weight of at least one non-fluorinated monomer having high water solubility, and from 0 to 9S percent by weight 
of at least one non-fluorinated monomer having low water solubility. 

10. An article comprising a coated substrate wherein the coating comprises the com.position of claim 9. 
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